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Introduction:

Inflammatory breast cancer (IBC) is the most lethal form of locally advanced
breast cancer and accounts for approximately 6% of new breast cancer cases annually in
the United States (1, 2). IBC has distinct clinical and pathological features. Patients
present with erythema, skin nodules, dimpling of the skin (termed "peau d'orange"), all
features that develop rapidly, typically progressing within 6 months (1-4). One salient
feature of IBC that is observed in tissue sections is that cancer cells form emboli that
spread through the dermal lymphatics. The dermatotropism of IBC is believed to be
responsible for the clinical signs and symptoms and probably enables effective
dissemination to distant sites (2). These observations lead us to conclude that IBC is
highly invasive and it is capable of metastases from its inception. Indeed, at the time of
diagnosis, the majority of patients have locoregional and/or distant metastatic disease (3,
4). In spite of new advances in breast cancer therapy including multimodality approaches,
the 5-year disease-free survival rate is less than 45% (3, 4).

Until recently, no biologic markers defined the IBC phenotype. We hypothesized
that a limited number of genetic alterations, occurring in rapid succession or
concordantly, are responsible for the rapidly progressive and distinct clinical and
pathologic features of IBC. Using a modified version of the differential display technique
and in situ hybridization of human tumors, we identified two genes that are consistently
and concordantly altered in human IBC when compared to stage-matched, non-IBC
tumors: loss of WISP3 and over-expression of RhoC-GTPase (5).

WISP3 is member of the CCN family of proteins, which have important
biological functions in normal physiology as well as in carcinogenesis (6-8). We found
that WISP3 has growth and angiogenesis inhibitory functions in IBC in vitro and in vivo
(9). RhoC-GTPase is a member of the Ras-superfamily of small guanosine
triphosphatases (GTPases). Activation of Rho proteins leads to assembly of the actin-
myosin contractile filaments into focal adhesion complexes that lead to cell polarity and
facilitate motility (10-12). Our laboratory has characterized RhoC as a transforming
oncogene for human mammary epithelial cells, whose overexpression results in a highly
motile and invasive phenotype that recapitulates the IBC phenotype. Predicated on the
high rate of concordance of RhoC and WISP3 changes in IBC, we hypothesize that these
two genes cooperate to determine this highly metastatic, unique breast cancer phenotype.

This is an annual progress report for a project that aims at understanding the
genetic determinants of inflammatory breast cancer (IBC). In particular, we aim to
discern the relative role of the RhoC GTPase gene and WISP3 (formally named LIBC) in
the specific phenotypic characteristics of inflammatory breast cancer. We have made
progress in the last year, which is summarized below.



Body:

Task 1: To identify the signaling pathways involved in growth control affected by
RhoC overexpression or mutation in inflammatory breast cancer.

We have completed the majority of Task 1 and are currently trying to understand the
relationship between RhoC and cyclinD1/pp125FAK. We encountered some difficulty
with the quality of antibodies, specifically cyclinD1 and RhoC, but now these issues are
resolved and progress is underway. There is no reportable outcome on this task for this
report but we are confident that in our next progress report we will have completed this
task.

Task 2: To explore the role of RhoC and IGF-binding proteins in IGF-induced
motility and invasion.

To begin to address the experimental questions in Task 2, we had to develop cell lines
that have high RhoC expression and low LIBC (WISP3) expression. We decided to use
immortalized mammary epithelial cells (HME) as our model cell line. Using an antisense
approach, inhibition of WISP3 expression in HME cells resulted in a 3-fold increase in
RhoC GTPase transcript levels (Figure 1). The HME/high RhoC-low WISP3 cells
exhibited increased cellular proliferation and anchorage independent growth in soft agar
(Figure 2). These high RhoC-low WISP3 clones produced significantly more colonies in
soft agar when compared with the control cells, an average of 58% of the level of
colonies formed by the SUMI149 IBC cells. Moreover, these HME/high RhoC-low
WISP3 cells also exhibited decreased production of VEGF in the conditioned medium
(Figure 2). Consistent with Task 2, our ongoing efforts are to address the differential
motility and invasion of these clones.

Specific Response to Reviewer:

We have not or are not planning to screen for farnesyl transferase inhibitors of RhoC
GTPase. However, in a published study (van Golen et al., Mol. Cancer Ther., 2002), we
assessed the effect of a farnesyl transferase inhibitor, FTT L-744,832, on RhoC-
overexpressing IBC and RhoC-transfected human mammary epithelial (HME-RhoC)
cells. Treatment of the SUM149 IBC cell line and HME-RhoC transfectants with the FTI
1.-744,832 led to reversion of the RhoC-induced phenotype, manifested by a significant
decrease in anchorage-independent growth, motility, and invasion.

Key Research Accomplishments and Reportable Qutcomes:

1. WISP3 was found to directly modulate RhoC GTPase expression in immortalized
mammary epithelial cells.

2. Immortalized mammary epithelial cells with low WISP3 and high RhoC GTPase
displayed neoplastic characteristics, specifically, an increase in cell proliferation,



an increase in anchorage independent growth, and an increase in VEGF
production.

Conclusions:

Inflammatory breast cancer (IBC) is the most lethal form of locally advanced breast
cancer, with a 5-year disease free survival of less than 45%. Our work focused on
determining the genetic alterations that result in this aggressive breast cancer phenotype.
Previously, we have found that RhoC and WISP3 are consistently and concordantly
altered in IBC tissues. RhoC functions as an oncogene, and WISP3 as a tumor suppressor
gene. Here, we provide evidence that supports the hypothesis that these two genes act in
concert to give rise to the highly aggressive IBC phenotype.
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Figure 1
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Figure 1. Inhibition of WISP3 in HME cells results in an increase in RhoC
transcript levels. RT-PCR was conducted on vector and HME cells that have inhibition
of WISP3 expression using full-length WISP3 antisense mRNA. HME/ AS WISP3 cells

demonstrated increased levels of RhoC transcript compared to controls.
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Figure 2. Inhibition of WISP3 induces anchorage-independent growth,
proliferation and secretion of VEGF in HME cells. (A) Inhibition of WISP3
expression in HME cells HME cells greatly increased the number of colonies formed in
soft agar when compared to empty vector control (HME/ Flag); t test, p<0.05. (B) Effect
of inhibition of WISP3 expression on the proliferation of HME cells was studied with the
MTT assay. The stable HME/ AS WISP3 cells have a significant increase in the
proliferation rate when compared to the empty vector control. Results are expressed as
mean = SEM of three independent experiments; t test, p<0.05. (C) Increase in VEGF
measured by ELISA, as a result of inhibition of WISP3 expression in HME cells. Results
are expressed as mean = SEM; t test, p<0.05.



